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especially for its combined analysis with others. We present an HPLC method with diode 2 array detector to simultaneously determine the levels of BP, 4-MBP as well as 7 other 3 possible derivatives from secondary packaging for food applications. The method was 4 tested and applied to 46 samples of paperboard for secondary packaging collected both 5 from supermarkets and directly from a paperboard supplier. In addition, a survey was 6 conducted on recycled paperboard (n= 19) collected from a supplier, to evaluate the 7 background quantity of BP and other derivatives in recycled board. The most abundant 8 photo-initiator found in the survey was BP, in 61% of samples, and 4-MBP was found in 9 30% of the samples. It seems that these compounds are used to replace one another. 10
Other derivatives were found in minor quantities. Traces of BP were also found in 42% 11 of the samples of recycled, unprinted board. Authority to evaluate whether 4-MBP should be included in the current tolerable daily 5 intake (TDI) for benzophenone (BP) and hydroxybenzophenone. The risk of the presence 6 of 4-MBP was also to be evaluated (EFSA 2009a) . Later, the Scientific Panel on food 7 contact materials, enzymes, flavourings and processing aids (CEF) published a scientific 8 opinion on its toxicity, concluding that short term consumption of cereals containing 4-9 MBP at observed levels should not constitute a risk to the population. However, if the 10 consumption of the compound is continuous, more data on the occurrence as well as 11
proper toxicity data of the compound is needed (EFSA 2009b) . appealing glossy cover to the printed packaging, especially for paperboard, and high 18 amounts of photo-initiators are used for this purpose in the ink preparation. One of the 19 most known photo-initiators is BP. It has been determined to migrate from printed board 20 into the food as it is neither totally used up during the printing process, nor removed 21 afterwards, nor irreversibly bound into the print film layer. The migration of photo-22
initiators from the packaging to the food through the vapour phase is possible even from 23 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 other derivatives were studied. In addition, a survey was conducted on recycled 22 paperboard (n = 19) collected from the supplier in order to evaluate the background 23 
Materials and methods 4
Packaging and food samples 5
The samples for the study were collected from the supermarkets (with the food, n = 22) 6 and some packages were acquired from the industrial production lines prior to 7 introducing the foodstuff (n = 24) ( Table 1) . As paperboard for secondary packages is 8 commonly made from recycled material, a survey was also conducted with recycled, 9 unprinted board material (n = 19). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Table 1 ), the content of photo-initiators in the food was 1 also analyzed. The food was homogenized and a portion (m = 1 or 4 g) was placed into a 2 glass container and extracted tightly-closed with acetonitrile (V = 3 mL) for 24 h at 70°C. 3
The extract was cooled down to room temperature, filtered through 0.45 µm PTFE filter 4 and analyzed with HPLC-DAD. 5
Primarily, the paperboard extractions were done with acetonitrile (V = 20 ml) as 6 described above, but the use of methanol (V = 20 ml) as extraction solvent was also 7 tested. 8 9
Chromatographic conditions 10

HPLC-UV 11
Analytical chromatographic analyses were performed with different HPLC systems using 12 a method adopted and modified from a previously published method for benzophenone 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 and the calibration curves were done separately for each compound and instrument using 2 the appropriate wavelength (see Table 2 for precise numbers). The flow rate was 1.0 mL 3 min -1 and the injection volume 50 µL. 4
Additional experiments were done by replacing acetonitrile with methanol, 5 otherwise keeping the same method parameters. The samples for this experiment were 6 chosen among the total 46 samples included to the survey (samples in which BP or 4-7 MBP was present) and further identified with letters A-J (as only the difference between 8 two solvents was under interest). With these samples (A-J), we also studied the stability 9 of the samples. 10 11
GC-MS 12
The gas chromatograph system consisted of a Hewlett Packard 6890 Series gas The carrier gas was helium with flow of 1.3 ml min -1 . The injector temperature 18 was 250°C and the samples were injected with a split mode (ratio 1:40). The injection 19 volume was 1 µl. The oven was running with temperature programme: 100°C for 2 min, 20
followed by a rate of 10°C min -1 up to 250°C, which was held for 10 min. Total run time 21 was 27 min. The mass spectra were obtained with a mass selective detector under 22 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Different elution programmes were tested for the selected column and compounds. 13
Finally, the HPLC method introduced here managed to separate BP, 4-MBP and 7 other 14 related derivatives within a rather short time of analysis (Figures 2 and 3) . The retention 15 time for BPacr overlapped with the PBZ and 4,4'-bis(diethylamino)benzophenone, but 16 the identification was possible because their UV spectra differed (Fig. 4) . Further, BPacr 17
was not found to be present in the same samples as PBZ and 4, 4'-18 bis(diethylamino)benzophenone. With the current method, BPacr characteristically 19 creates a bunch of peaks in HPLC, which facilitates its identification. 20
The stability of the sample extracts was studied according to their contents of BP 21 and 4-MBP (Fig. 5) . The extracts were analysed both immediately and after three to five 22 months of storage (in hermetically closed vials in 4°C or in room temperature). The 23 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 methanol, but the measured concentrations (calculated from the peak areas) remained 17 quite stable. BP results achieved with the different extraction and elution solvents 18 differed on average 6% in respect to the peak areas (C, F, G), but more with some 19 samples (A: 22% and E: 62%). The measurements made for the five samples containing 20 4-MBP differed from 2.3 to 9.4% in respect to the peak areas. The most evident 21 difference between the solvents was the elution of BPacr. The cluster of peaks observed 22 with acetonitrile (Fig. 3) is lost when eluted with methanol; BPacr gave only one peak 23 
Analysis of samples 5
The contents of benzophenone and derivatives 6
The most abundant UV-initiator found in this survey was BP. We found it in quantitative 7 levels in 27 samples (59%) of the total 46 samples, whereas 4-MBP was found in 14 8 samples (30%) ( Table 1) . It appeared that BP and 4-MBP were not usually present in the 9 same samples. When the level of BP is high in the sample, there is no (or only traces of) 10 4-MBP, and vice versa. It seems that these compounds are used to replace one another. 11
Measurable levels of PBZ were found in three samples, #11; 13 and 21, where the 12 levels of the compound were 97, 21 and 36 mg m -2 , respectively. Identification was 13 verified with GC-MS. In four samples, #14-17, we found BPacr in contents of 151.5; 14 792.6; 819.5 and 815.1 mg m -2 , respectively. The other benzophenone related derivatives 15 included in the analysis were not found in the products in the survey. 16
Some of the carton packages were printed with two different techniques. Part of 17 the package was printed with UV-ink to achieve a shiny result whereas another part was 18 printed with conventional water-based ink not containing photo-initiators. Theoretically, 19 this should have given rise to differences in the contents of photo-initiators in different 20 parts of packages. Contrary to assumptions, in spite of different printing ink types on 21 different parts of the package no differences could be seen between different parts of 22 Other derivatives studied here were not found in measurable levels 6 from recycled, unprinted board material. 7
After finding high contents of BP in sample 1 and 4-MBP in sample 2, we also 8 analysed the products. Despite high contents of photo-initiators in the package and their 9 high migration ability, we found only very scarce levels of photo-initiators in the 10 homogenized product (below the SML (SANCO 2009)). Therefore, the plastic film used 11 as primary packaging in direct contact with the product was also analysed. The analyses 12
were done with the attenuated total reflection (ATR-IR) spectroscopy which is used for 13 surface analysis. The plastic film in sample 2 was found out to be polypropylene whereas 14 the plastic film in sample 1 was found to be consisted of different layers one side being 15 polyethylene terephthalate (PET) and the other side polypropylene (PP). 
Additional drying step for inks including photo-initiators 21
The board samples acquired from the industrial production lines included samples from a 22 test of the different oven treatments for drying the UV ink after the printing process 23 (Table 3) . The additional drying procedures were unable to push the printing process to 1 decreased levels of BP and 4-MBP. The most drastic treatment (Table 3, treatment IV)  2 with the most severe oven drying failed to produce lower levels of these photoinitiators. 3
The content of BP was initially very low and its concentration was barely affected by the 4 treatments. The concentrations of 4-MBP were initially higher but none of the additional 5 treatments decreased the levels of 4-MBP even by half, the lowest achieved concentration 6 was still as high as 65% of the initial concentration. BPacr turned out to be most 7 abundant after treatment III (Table 3) , the same treatment where 4-MBP levels were the 8 lowest which suggests that BPacr might be a product of other photoinitators. Following 9 these results, it can be claimed that additional oven drying after printing does not bring 10 any further benefits. 11 12
Conclusions 13
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